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Citrus  peel  explants  provided  a convenient  system  for  the  study  of 
the  physiology  of  ethylene  production.  Untreated  peel  disks,  10  mm  in 
diameter,  produced  wound  ethylene  at  a maximum  rate  of  5-6  nl/hr/3  disks 
Treatment  with  an  abscission-accelerating  chemical  (Release:  5-chloro- 

3-methyl-4-nitro-l-H-pyrazole)  greatly  increased  ethylene  production  by 
whole  fruit  and  peel  disks  of  both  'Hamlin'  and  'Valencia'  oranges 
{Citrus  sinesis  L.  Osbeck) . The  response  to  Release  was  localized  pri- 
marily in  the  flavedo  part  of  the  peel.  Peel  disks  of  mature  'Hamlin' 
were  more  sensitive  to  Release  than  disks  from  immature  fruit;  'Valencia 
disks  of  all  stages  of  maturity  tested  responded  similarly.  Ethylene 
production  by  peel  disks  was  temperature  dependent;  this  dependence  was 
especially  marked  in  Release- treated  disks. 

Whole  citrus  fruit  and  citrus  peel  disks  lacked  an  autocatalytic 
response  to  ethylene.  The  tissue  failed  to  respond  to  propylene,  an 
ethylene  analog,  indicating  that  ethylene  is  not  autoinhibitory  in  this 
tissue. 
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Protein  synthesis  and  RNA  synthesis  are  required  for  high  levels  of 
ethylene  production  by  orange  peel  tissue.  Ethylene  production  at  the 
lower  rates  found  in  untreated  disks  Involves  protein  synthesis,  but  not 
RNA  synthesis.  Evidence  is  presented  to  indicate  that  ethylene  is  syn- 
thesized from  methionine  via  a reaction  involving  a metal  cofactor. 

Disks  from  regreened  fruit  showed  a reduced  response  to  Release  and 
Pik-Off  (ethanedlaldioxime) , another  abscission  accelerating  compound. 
Disks  from  non— regreening  fruit  responded  to  increasing  concentrations 
of  Release  and  Pik-Off  (up  to  1000  ppm)  with  increasing  rates  of  ethyl- 
ene production.  Disks  from  regreenlng  fruit  responded  to  different  con- 
centrations of  Release  and  Plk-Off  with  about  the  same  low  level  of 
ethylene  production,  except  at  1000  ppm  Pik-Off,  when  the  ethylene  re- 
sponse increased  to  equal  that  of  non-regreening  disks. 

Fruit  damaged  by  citrus  rust  mite  (Phyttoaoptruta  otei-voTXi  Ashmead) 
showed  increased  ethylene  production  and  greater  fruit  loosening  in  re- 
sponse to  Pik-Off  when  compared  with  undamaged  fruit.  Although  uptake 
of  Pik— Off  (^^C— ethanedlaldioxime)  was  very  rapid  in  both  undamaged 

and  mite-damaged  fruit,  the  rate  was  slightly  greater  in  mite-damaged 
fruit.  The  Increased  uptake  of  Pik-Off  by  mite-damaged  fruit  probably 
accounts  in  part  for  the  observed  changes  in  ethylene  production  and 
fruit  loosening. 
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INTRODUCTION 


The  plant  hormone  ethylene  Is  known  to  be  involved  in  a number  of 
developmental  processes  in  plants,  including  fruit  ripening  and  color 
development,  abscission  of  leaves  and  fruit,  and  senescence  (6).  Despite 
extensive  research  on  the  physiology  and  biochemistry  of  ethylene  pro- 
duction, it  is  still  uncertain  how  plants  regulate  ethylene  production 
and  by  what  biosynthetic  pathway  ethylene  is  produced.  There  is  consid- 
erable evidence  showing  that  methionine  is  the  precursor  of  ethylene 
(5,  162),  but  there  is  a possibility  that  alternate  pathways  coexist 
with  or  replace  the  methionine  pathway  in  certain  cases  (17). 

Citrus  fruit  produce  small  amounts  of  ethylene  throughout  develop- 
ment (132).  Although  fruit  ripening  or  detachment  from  the  tree  do  not 
, result  in  increases  in  ethylene  production,  the  fruit  will  produce  con- 
siderable quantities  of  ethylene  when  stressed  (57,  58,  67,  153).  Com- 
pounds which  cause  chemical  wounding  are  being  used  commercially  to 
loosen  oranges  for  mechanical  harvesting  (57,  65).  There  is,  therefore, 
considerable  interest  in  the  physiology  of  ethylene  production  by  citrus 
fruit,  particularly  in  response  to  abscission  chemicals. 

In  the  present  study,  citrus  peel  explants  were  used  to  study  some 
physiological  and  biochemical  aspects  of  ethylene  production,  with 
special  emphasis  on  the  effects  of  abscission-accelerating  chemicals. 
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LITERATURE  REVIEW 


Citrus  fruit  have  for  decades  been  considered  the  epitome  of  the 
non-climacteric  fruit  because  the  mature  fruit  do  not  produce  a sharp 
increase  in  ethylene  and  respiration  during  ripening  or  following  remov— 
^tom  the  tree  (14,  26,  67).  Small  amounts  of  ethylene  are  produced 
by  citrus  fruit  throughout  development  (132) . Detachment  of  small,  im- 
mature orange  or  mandarin  fruit  from  the  tree  results  in  a pseudoclimac- 
teric rise  in  respiration  and  ethylene  production,  but  this  response  de- 
clines with  age  until  it  is  completely  absent  in  fruit  harvested  in 
September  or  later  (67,  89).  Exogenous  ethylene  was  shown  by  some 
researchers  to  accelerate  respiration  of  citrus  fruit  at  all  stages  of 
development  tested  (15,  152).  However,  McMurchie  et  al  (115)  found  no 
increase  in  respiration  or  ethylene  production  in  mature  ‘Valencia'  or 
lemon  fruit  treated  with  the  ethylene  analog  propylene.  The  discrepancy 
may  be  explained  by  the  fact  that  the  latter  used  lower,  and  much  closer 
to  physiological,  concentrations. 

Citrus  fruit  have  a unique  developmental  pattern  which  is  due  at 
least  in  part  to  the  low  endogenous  levels  of  ethylene  production.  Fruit 
may  meet  legal  standards  of  maturity  while  retaining  a green  color,  or 
may  regreen  after  achieving  good  color  (81).  Ethylene  is  used  commer- 
cially to  degreen  fruit. 

Citrus  fruit  will  produce  large  quantities  of  ethylene  and  show  in- 
creased respiration  rates  when  placed  under  various  types  of  stress. 
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including  chilling,  dropping  on  hard  surfaces,  and  physical  or  chemical 
wounding  (57,  58,  152,  153).  Since  ethylene  is  the  natural  regulator  of 
the  abscission  process,  chemicals  which  cause  wound  ethylene  production 
are  being  utilized  to  loosen  fruit  and  facilitate  mechanical  harvesting 
(57).  The  physiology  of  ethylene  production  in  citrus  is  therefore  of 
practical,  as  well  as  scientific,  significance. 

The  Physiology  and  Biochemistry  of  Ethylene  Production 

The  physiology  and  biochemistry  of  ethylene  production  has  been  ex- 
tensively researched.  Reviews  on  the  subject  have  been  written  by  Abeles 
(5),  Burg  (31),  Lieberman  (105),  Yang  (162)  and  Yang  and  Baur  (163). 

The  plant  hormone  ethylene  is  produced  by  a wide  variety  of  plant 
tissues  under  numerous  conditions.  Small  amounts  of  ethylene  are  regu- 
larly produced  by  healthy  vegetative  tissues  (37,  38,  78),  immature  fruit 
(34,  111),  and  germinating  seeds  (30).  Large  quantities  of  ethylene  are 
typically  produced  by  stressed  or  wounded  tissues  (69,  91),  climacteric 
fruits  (32,  33),  and  senescing  organs  (84,  95,  149). 

Biosynthesis 

Experimental  evidence  favors  the  idea  that  methionine  is  the  precur- 
sor of  ethylene  in  higher  plants  (5,  162).  Some  tissues  show  increased 
ethylene  production  when  methionine  is  added  (22,  38,  108).  The  in  vivo 
conversion  of  labeled  methionine  to  labeled  ethylene  has  been  demonstrated 
for  a variety  of  tissues,  including  citrus  albedo  tissue  (1,  22,  38,  90, 
108,  140). 

The  intermediates  in  the  methionine— ethylene  pathway  are  unknown. 
Mapson  et  al  (116)  obtained  some  evidence  that  the <^-keto-Y-methyl  thio- 
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butyrate  (KMBA)  was  the  intermediate  in  cauliflower  florets,  but  other 
workers  failed  to  confirm  their  results  (20) . The  apparent  discrepancy 
was  resolved  by  Lieberman  and  Kunishi  (106),  who  showed  that  the  appar- 
ent production  of  ethylene  from  KMBA  took  place  in  an  extracellular 
system  produced  by  leaked  peroxidase,  KI-!BA,  and  cofactors. 

There  is  a possibility  that  there  are  no  methionine-ethylene  inter- 
mediates in  the  strict  sense.  The  activated  enzyme  complex  could  split 
methionine  into  its  products  in  a single  step: 

5 4 3 2 1 

CHo  - S - CHo  - CH„  - CH  - COOH 

2 I 

NH2 


Enzyme  Complex 


5 4 3 2 1 

(CH3  - S - ) CH2  = CH2  HCOOH  NH3  CO2 

A recycling  system  for  the  sulfur  released  during  ethylene  formation  has 
been  proposed  by  Baur  and  Yang  (21) . 

The  use  of  labeled  substrate  and  rhizobitoxine,  a substance  which 
inhibits  ethylene  production  from  methionine  (128) , has  allowed  research- 
ers to  determine  that  methionine  is  the  precursor  for  ethylene  production 
due  to  stress  (1),  in  auxin-treated  vegetative  tissues  (140),  in  climac- 
teric fruit  (22) , and  in  senescent  flowers  (84) . The  conversion  of 
labeled  methionine  to  ethylene  in  tissues  producing  very  small  amounts 
of  ethylene  is  difficult  to  demonstrate,  but  relatively  low  production 
levels  have  been  shown  in  citrus  albedo  tissue  (90) . 
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A cell-free  ethylene  producing  system  has  yet  to  be  isolated;  the 
system  is  destroyed  when  tissues  are  homogenized  (40,  106).  Since  the 
system  is  sensitive  to  disruption  and  osmotic  shock,  the  site  of  ethylene 
production  is  believed  to  involve  a membrane  (40).  Mattoo  and  Lieberman 
(118)  have  found  that  apple  cells  lose  their  ethylene  synthesizing 
capability  as  the  cell  walls  are  digested,  and  regain  it  as  the  released 
protoplasts  regenerate  their  cell  walls.  They  hypothesized  that  the 
ethylene  synthesizing  system  may  be  highly  structured  and  located  in  a 
cell  wall-cell  membrane  complex. 

The  endogenous  control  of  ethylene  production  has  yet  to  be  eluci- 
dated. A proteinaceous  inhibitor  of  ethylene  evolution  was  Isolated 
from  a red  alga  (Porphyra  tenera)  that  inhibited  ethylene  evolution  and 
acrylate  decarboxylase  activity  in  the  alga  (154,  155).  Acrylate  could 
serve  as  an  ethylene  precursor  in  the  alga. 

proteinaceous  inhibitor  was  obtained  from  mung  bean  seedlings 
(1^2) . This  inhibitor  reversibly  depressed  ethylene  production  in  mung 
bean  hypocotyl  segments,  pea  epicotyl  segments,  and  less  effectively, 
apple  tissue  slices  (141). 

The  Effect  of  Hormones 

Auxins.  Auxin  has  been  known  as  a stimulant  of  ethylene  production 
since  1935,  when  Zimmerman  and  his  colleagues  compared  the  effects  of 
ethylene  with  those  of  auxin  on  epinasty  and  adventitious  root  formation 
(63,  166).  The  plants  treated  with  synthetic  auxins  behaved  similarly 
to  plants  treated  with  ethylene,  and  in  addition,  showed  increased  pro- 
duction of  epinasty-inducing  gases. 
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Further  infonnation  on  the  relationship  between  hormones  came  much 
later,  after  the  development  of  gas  chromatography.  With  the  ability 
to  measure  extremely  low  concentrations  of  ethylene,  scientists  have 
confirmed  that  ethylene  production  may  be  regulated  by  auxin.  Auxin 
responses  mediated  by  ethylene  include  abscission  (13),  promotion  of 
flowering  in  Bromeliads  (35),  inhibition  of  bud  growth  (37),  plumular 
hook  opening  (94),  and  sex  expression  in  cucurbits  (146). 

Other  Hormones.  Gibberellins  may  have  no  effect  on  ethylene  pro- 
duction, as  in  pea  seedlings  and  rape  seed  (73,  150),  or,  more  often, 
may  slightly  Increase  ethylene  production  (13,  57,  97,  103).  In  citrus 
fruit,  there  is  some  evidence  that  gibberellins  may  be  involved  in  the 
regreening  phenomenon.  Gibberellins  are  known  to  be  present  in  citrus 
throughout  development  (79)  and  were  found  to  increase  prior  to 
regreening  (130).  Exogenous  GA  or  potassium  gibberellate  increased 
regreening  compared  with  untreated  controls  (47,  130). 

Gytokinlns  usually  cause  a two—  to  fourfold  increase  in  ethylene 
production  (6,  73).  The  increase  may  be  blocked  with  RNA  and  protein 
synthesis  inhibitors.  Cytoklnins  interact  synergistically  with  auxins 
in  enhancing  ethylene  production  (37,  73,  98). 

Abscislc  acid  increases  ethylene  production  in  leaves  and  fruit  and 
inhibits  it  in  cell  suspension  cultures  and  pea  seedlings  (2,  57,  61, 

76,  77). 

Ethylene . Ethylene  is  unusual  in  that  it  may  trigger  its  own  syn- 
thesis in  certain  tissues  (82).  Early  workers  established  that  ethylene 
can  trigger  the  respiratory  climacteric  in  a wide  variety  of  fruits,  and 
that  ethylene  is  also  a product  of  ripening  (6,  26).  It  has  since  been 
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established  that  ethylene  is  required  for  fruit  ripening  (35).  Fruits 
produce  ethylene  at  a low  level  throughout  their  development;  Initiation 
of  ripening  may  be  brought  on  by  an  increase  in  ethylene  production,  an 
increase  in  sensitivity  of  the  fruit  to  ethylene,  or  removal  of  the  fruit 
from  the  parent  plant  (31,  32,  111,  145).  In  climacteric  fruit,  one 
response  to  the  ethylene  trigger  is  a huge  increase  in  ethylene  evolution. 

Although  the  ethylene  analog  propylene  is  about  100  times  less  effec- 
tive than  ethylene  itself  (8,  36),  it  is  useful  in  the  study  of  autocata- 
lytic  ethylene  production  because  its  use  permits  the  researcher  to 
directly  observe  the  quantity  of  ethylene  produced.  Propylene  was  shown 
to  Initiate  ripening  and  ethylene  synthesis  in  preclimacteric  bananas 
(115),  apples  (145),  and  tomatoes  (114).  Propylene  fails  to  Induce 
ethylene  synthesis  in  the  non-climacteric  citrus  fruit  (115). 

There  are  a few  instances  where  ethylene  limits  its  own  production. 
Pretreatment  of  preclimacteric  bananas  and  chilled  avocado  fruit  with 
ethylene  supressed  subsequent  ethylene  production  (151,  164).  Zeroni 
et  al  (165)  found  that  ethylene  acts  as  an  autoinhibitor  in  figs  in  non- 
ripening, but  not  in  ripening,  stages. 

The  Effect  of  Metal  Ions 

Considerable  attention  has  been  given  to  the  effects  of  metal  ions 
on  ethylene  production,  but  it  is  difficult  to  separate  specific  ionic 
effects  from  secondary  effects  due  to  toxicity.  Several  model  systems 
for  ethylene  production  utilize  Cu''^  as  a catalyst  (108,  109).  Ethylene 
production  in  hypocotyl  segments,  calamondin  and  orange  fruit,  orange 
branch  segments,  and  bean  and  tobacco  leaves  was  also  stimulated  by  Cu"*^, 
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but  these  effects  were  attributed  to  stress  (1,  23,  99,  135).  Calcium 
ions,  on  the  other  hand,  protect  against  copper-induced  injury  in  bean 
hypocotyl  segments,  and  promote  ethylene  production  only  in  combination 
with  copper  or  kinetin  (99) . 

The  monovalent  silver  ion  Ag  has  been  reported  to  be  a potent  in- 
hibitor of  ethylene  action  in  plants  (24).  This  would  indicate  a role 
for  silver  in  preventing  autocatalytic  ethylene  production;  this  is 
apparently  the  case  in  postclimacteric  apple  and  banana  tissue  (143) . 

The  silver  ion  has  yet  to  be  exploited  as  a tool  for  investigating  auto- 
catalytic ethylene  production. 

Metal  ions  may  be  directly  involved  in  ethylene  production  from  its 
substrate.  The  metal  chelator  EDTA  has  been  shown  to  inhibit  ethylene 
formation  in  apple  slices  (108,  147).  In  addition,  two  compounds  which 
are  specific  copper  chelators,  cuprlzone  and  sodium  diethyl  dithiocar- 
bamate,  were  even  more  potent  inhibitors  of  ethylene  synthesis,  suggesting 
that  copper  may  be  involved  in  the  ethylene  forming  system  (108) . 

Since  the  rules  for  structural  activity  of  ethylene  analogs  resemble 
the  rules  for  metal  binding  to  olefins,  it  was  proposed  that  ethylene 
must  bind  to  a metallic  receptor  site  (33) . This  hypothesis  is  supported 
by  the  fact  that  EDTA  may  inhibit  ethylene  action  in  some  cases  (5) . 

Other  Factors 

Gases . Oxygen  appears  to  be  required  for  ethylene  production;  its 
necessity  has  been  confirmed  in  pears  (83),  broccoli  (110),  and  avocado 
(22) . One  exception  is  a quasi-anaerobic  ethylene  producing  system 
found  in  dormant  cocklebur  seeds  (71) , 
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High  oxygen  tensions  can  accelerate  ethylene  production  (26) . 

Ethylene  synthesis  and  respiration  require  similar  concentrations  of 
oxygen,  and  are  similarly  affected  by  respiratory  poisons,  indicating 
that  respiration  may  be  required  to  produce  energy  or  substrate  for 
ethylene  synthesis  (39,  40).  Murr  and  Yang  (123)  have  obtained  evidence 
that  ATP  is  required  for  ethylene  synthesis  from  methionine  in  apple 
tissue  plugs. 

Oxygen  also  appears  to  be  involved  in  ethylene  action  as  the  acti- 
vator of  the  ethylene  receptor  site  (33) . 

CO^  is  a well-known  ethylene  antagonist  (33)  , but  its  effects  on 
ethylene  production  are  limited  to  competition  with  ethylene  in  auto- 
catalysis and  depressing  effects  on  respiration. 

Light . Light  is  not  an  important  regulator  of  ethylene  synthesis 
in  fruit  (113,  137).  In  developing  seedlings,  however,  light  causes  a 
decrease  in  ethylene  production  in  the  plumular  hook;  a single  dose  of 
red  light  will  cause  a transient  decrease,  and  far  red  light  will  reverse 
the  red  effect  (78,  94).  It  appears  that  ethylene  intervenes  in  phyto- 
chrome control  of  plumular  expansion. 

Temperature.  Fruits  are  unable  to  produce  ethylene  at  temperatures 
above  35°C  (39,  40,  83).  The  temperature  effect  is  on  ethylene  synthesis 
directly,  not  via  respiration,  and  is  reversible  (33).  Prolonged  high 
temperature  treatments  produced  a more  lasting  depressive  effect  on 
ethylene  synthesis  in  lettuce  seeds  (30). 

Chilling  temperatures  enhance  ethylene  production  during  a subse- 
quent warmer  period  in  citrus  fruit  and  in  leaves  of  the  deciduous  peach 
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and  trifoliate  orange,  but  not  in  evergreen  leaves  of  citrus,  mango, 
avocado,  or  lychee  (58,  59). 

Pathogens.  Stress  ethylene  is  often  produced  in  response  to  para- 
sitic attack  (159).  Viral,  fungal,  and  bacterial  diseases  may  stimulate 
production  of  ethylene,  which  in  turn  stimulates  development  of  disease 
symptoms  such  as  yellowing,  epinasty,  and  abscission  (6,  16,  101).  In 
addition  to  freeing  the  plant  of  diseased  parts  by  abscission,  ethylene 
may  also  play  a role  in  stimulating  synthesis  of  peroxidases  and  phenolic 
compounds,  which  may  be  involved  in  disease  resistance.  Ethylene  some- 
times assists  in  the  progress  of  the  pathogen  through  accelerated 
senescence  or  by  increasing  susceptibility  of  the  tissue  to  pathogenic 
toxins  (48,  64). 

Insects  may  increase  ethylene  production  by  plant  parts.  Cotton 
weevil  infestation  results  in  boll  abscission  at  a certain  stage  in  the 
insect's  life  cycle  (6).  Red  spider  mites  provoked  increased  ethylene 
production  in  infected  rose  leaves  (159) . 

An  important  citrus  pest  is  the  citrus  rust  mite,  Phytlocoptruta 
oteivova  Ashmead.  Heavy  mite  damage  has  been  associated  with  reduced 
size  of  the  damaged  fruit,  and  reduced  yields,  vigor,  and  flowering 
during  the  following  year  (144) . Very  light  feeding  by  mites  on  citrus 
fruit  causes  little  damage,  since  the  epidermal  cells  affected  possess 
a self-healing  mechanism  (112).  However,  heavy  feeding  causes  lignifi- 
cation  and  death  of  the  affected  cells.  Appearance  of  visible  injury 
coincided  with  a significant  increase  in  ethylene  production  (112) . 
Ethylene  production  often  results  in  premature  degreening  of  the 
damaged  area  of  the  fruit. 


11 


The  Abscission  Process 


Morphology 

The  abscission  zone  is  the  region  at  the  base  of  the  abscising  plant 
part  through  which  separation  occurs  (3) . The  morphology  of  the  abscis- 
sion process  is  the  same  in  leaves  and  fruit,  the  only  difference  being 
that  fruit  may  abscise  at  any  stage  in  development  (72).  In  citrus, 
there  are  two  abscission  zones,  one  at  the  base  of  the  fruit  and  another 
at  the  base  of  the  pedicel  (27).  No  visible  histological  differences 
between  tissues  of  the  abscission  zone  and  adjoining  tissue  have  been 
found  in  young  citrus  fruit  or  leaves  (45,  85,  160).  However,  a dark- 
ening of  the  protoplasm  in  cells  of  the  separation  layer  was  noted  as 
the  tissues  matured  or  when  abscission  was  imminent.  The  abscission 
zone  in  citrus  is  not  a structurally  weak  point  prior  to  the  onset  of 
abscission. 

Abscission  of  leaves  and  fruit  is  accomplished  by  dissolution  of 
cell  wall  and/or  middle  lamellar  material,  a process  which  is  distin- 
guishable histologically  (156,  160)  and  chemically  (45,  121,  160). 

Actual  separation  occurs  mechanically  following  enzymatic  solubilization 
of  cementing  substances. 

Biochemistry 

The  separation  process  involves  any  or  all  of  the  following  events: 

1)  loss  of  cementing  ability  of  the  middle  lamella  between  cells  in  the 
separation  layer;  2)  dissolution  of  the  middle  lamella  and  all  or  part 
of  the  cellulosic  cell  wall;  3)  mechanical  breakage  of  non-living  ele- 
ments (157).  Loss  of  integrity  of  the  middle  lamella  has  been  attributed 
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to  activity  of  pectin  methylesterase  (126)  and  polygalacturonase  (121) 
in  Phaseotus  leaf  explants  and  in  orange  fruit  (19,  80).  However,  other 
research  has  revealed  no  relationship  between  pectinase  activity  and 
abscission  (4,  12,  129,  136). 

The  role  of  cellulase  in  abscission  is  well  established.  An  increase 
in  cellulase  activity  was  correlated  with  a decrease  in  tensile  strength 
in  the  abscission  zones  of  bean  leaves  (4,  88),  citrus  leaves  (136), 
citrus  fruit  (80,  129),  and  cotton  and  Coleus  leaves  (4).  The  promotion 
of  abscission  by  ethylene  is  accompanied  by  an  increase  in  cellulase 
activity;  both  effects  are  prevented  by  auxins  (4,  92). 

Hormonal  Regulation  of  Abscission 

It  has  long  been  known  that  leaves  become  Increasingly  susceptible 
to  abscission  with  age  (74).  The  time  required  for  abscission  of  de- 
bladed  petioles  decreases  with  age  in  Coleus,  cotton,  bean,  and  lupine 
(43,  44,  100,  124).  The  decreased  time  for  abscission  has  been  linked 
with  a decrease  in  diffusible  auxin  (124,  158).  Abscission  can  be  pre- 
vented if  auxin  is  applied  soon  after  excision  of  an  abscission  zone 
or  debladed  petiole,  but  a delay  in  the  application  of  auxin  allows 
development  of  sensitivity  to  ethylene  and  a loss  of  sensitivity  to 
auxin  (10,  44,  61,  138).  Abscission  is  prevented  in  intact  leaves  if 
the  petiole  is  ringed  with  an  inhibitor  of  auxin  transport  (120) . 
Conversion  of  auxin  to  indoleacetylaspartate  and  other  conjugates  has 
been  shown  by  Craker  et  al  (62)  to  be  an  important  means  of  decreasing 
auxin  levels  in  bean  explants. 

Fruit  shows  a similar  prevention  of  abscission  by  various  auxins; 
these  are  used  commercially  to  prevent  preharvest  fruit  drop  (57) . 
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Ethylene  is  perhaps  the  principal  regulator  of  abscission  in  leaves 
and  fruit.  Ethylene  production  increases  during  maturation  of  fruit 
and  leaves  (25,  92,  103,  126).  Internal  levels  of  ethylene  in  fruit 
near  the  abscission  zone  are  a reliable  indicator  of  abscission  in  citrus 
(^2,  57).  Ethylene  treatment  produces  an  increase  in  RNA  synthesis  and 
protein  synthesis  in  the  abscission  zones  (9,  12,  86).  One  protein 
synthesized  as  a result  of  ethylene  treatment  is  cellulase  (4,  12,  88,  104, 
136).  It  has  been  shown  that  ethylene  regulates  not  only  synthesis,  but 
secretion  of  cellulases  from  their  site  of  synthesis  to  their  site  of 
action  (11,  12). 

Light  interacts  with  ethylene  in  the  control  of  abscission  in 
PhaseoZus  petiole  explants.  Explants  from  young,  expanding  leaves  show 
a marked  decrease  in  rapidity  of  abscission  when  incubated  in  the  light 
compared  with  dark  controls  (28) . Explants  incubated  in  the  dark  be- 
haved like  light-incubated  explants  when  sucrose  was  added,  indicating 
that  photosynthetates  may  be  responsible  for  light  inhibition  of  abscis- 
sion. 

Other  natural  growth  regulators  have  been  shown  to  have  effects  on 
abscission  in  some  plants  under  certain  conditions.  Kinetin  was  shown 
to  accelerate  abscission  of  young  blue  lupine  leaflets,  but  to  delay  it 
in  older  leaflets  (43).  Osborne  and  Moss  (127)  found  that  cytokinins 
inhibit  abscission  only  if  applied  directly  to  the  abscission  zone  of 
bean  explants.  The  effect  of  cytokinins  is  apparently  due  to  deferral 
of  senescence  processes:  decline  in  RNA,  protein,  and  chlorophyll  (10). 

Gibberellins  act  to  slightly  accelerate  abscission  in  cotton,  bean, 
and  citrus  leaves,  but  not  in  citrus  fruit  (42,  44,  57,  102).  This  is 
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probably  due  to  the  fact  that  GA  induces  ethylene  evolution  from  leaves, 
but  not  from  fruit. 

Abscisic  acid  has  been  shown  to  increase  abscission  of  explants  (2, 
61)  and  leaves  (57),  an  effect  which  was  associated  with  increased  ethyl- 
ene production.  ABA  also  accelerates  abscission  and  ethylene  production 
of  orange  fruit,  and  it  has  been  demonstrated  that  ABA  can  accelerate 
abscission  and  increase  cellulase  activity  even  in  the  absence  of  ethyl- 
ene (56,  131). 

Artificial  Regulation  of  Abscission 

Since  ethylene  production  by  the  fruit  generally  precipitates  ab- 
scission, chemicals  which  induce  ethylene  production  have  been  sought 
as  potential  abscission  agents.  Some  compounds  which  cause  ethylene 
production  and  abscission  include  ascorbic  acid,  citric  acid,  iodoacetic 
acid,  maleic  hydrazide,  maleimides,  2-hydroxyethylhydrazine,  ethephon, 
and  cycloheximide  (50).  Ethephon  and  2-hydroxyethylhydrazine  decompose 
and  release  ethylene.  A great  deal  of  ethylene  is  released  by  2-hydroxy- 
ethylhydrazine, but  most  of  it  escapes  into  the  air  (134).  Ethephon 
enters  the  fruit  and  releases  ethylene  near  the  abscission  zone,  but 
has  limited  agricultural  application  due  to  variable  effectiveness 
under  different  weather  conditions  and  defoliation  at  effective  concen- 
trations (54,  68). 

The  other  chemicals  mentioned  act  by  causing  damage  to  the  fruit, 
resulting  in  production  of  wound  ethylene  (1).  Ascorbic  and  citric 
acids  are  safe,  but  are  effective  only  at  high  concentrations,  are 
expensive,  and  cause  rind  injury  (51).  Iodoacetic  acid  causes  excessive 
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rind  injury  and  defoliation.  Cycloheximide  is  one  of  the  most  promising 
abscission  agents.  If  applied  directly  to  the  separation  zone,  abscis- 
sion is  inhibited  (129),  but  application  at  low  concentrations  to  the 
fruit  causes  rind  injury,  ethylene  production,  increased  cellulase 
activity,  and  abscission  (51,  130).  Cycloheximide  has  proven  effective 
and  economical  in  mechanical  harvesting  of  early  and  mid-season  oranges, 
but  cannot  be  used  on  late  season  'Valencia'  oranges  due  to  excessive 
young  fruit  drop  (52,  55). 

Another  compound  which  has  considerable  promise  as  a commercial 
abscission  agent  is  Release^S)  (5-chloro-3-methyl-4-nitro-l-H-pyrazole) . 
Release  compared  favorably  with  other  abscission  agents,  including 
cycloheximide,  in  tests  to  determine  effectiveness  in  removal  of  mature 
fruit  while  retaining  immature  fruit  fruit  and  leaves  (65).  Like  cyclo- 
heximide, it  is  more  effective  on  early  and  mid-season  oranges;  like 
many  abscission  agents,  its  effectiveness  and  uniformity  of  action  are 

affected  by  temperature,  humidity,  and  rainfall  (96). 
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C-Release  is  absorbed  fairly  well  by  the  flavedo,  and  most  of  the 
radioactivity  remains  in  that  tissue,  with  small  amounts  being  trans- 
ported to  the  albedo  and  pulp  (122) . It  has  been  suggested  that  the 
lysigenous  glands  act  as  accumulation  sites  for  Release,  where  concen- 
trated levels  induce  ethylene  production  by  surrounding  cells  (29) . 


MATERIALS  AND  METHODS 


Plant  Materials 

'Hamlin'  and  'Valencia'  oranges  {Citrus  sinesis  (L.)  Osbeck)  were 
colected  at  commercial  citrus  groves  in  the  Orlando  area.  The  'Hamlin' 
trees  were  on  Carrizo  citrange  (C.  sinesis  X Ponoirus  trifoliate)  root- 
stocks; the  'Valencia'  trees  were  on  rough  lemon  (C.  jambhiri  Luch) 
rootstocks . 


Ethylene  Determinations 

Fruit  were  collected,  brought  into  the  laboratory,  washed  with  a 
5%  Chlorox  solution,  and  rinsed  thoroughly. 

When  ethylene  production  from  whole  fruit  was  to  be  measured,  the 
fruit  were  dipped  in  the  test  or  control  solutions  and  placed,  three 
apiece,  in  airtight  3.8  liter  containers  with  Swagelok  fittings  con- 
taining methylsilicone  septa.  Ethylene  samples  were  collected  at  inter- 
vals, and  the  containers  were  flushed  with  air  following  each  sampling 
to  prevent  depletion  of  oxygen  and  accumulation  of  carbon  dioxide.  Data 
thus  acquired  are  termed  external  ethylene  production. 

Internal  ethylene  production  by  intact  fruit  was  measured  from 
beneath  the  point  of  stem  attachment.  Internal  ethylene  could  be 
measured  from  fruit  remaining  on  the  tree  or  from  detached  fruit  in  the 
laboratory. 

When  ethylene  production  by  peel  disks  was  to  be  measured,  explants 
10  mm  in  diameter  were  cut  from  the  peel  of  the  washed  fruit  with  a cork 


16 


17 


borer.  If  appropriate,  the  flavedo  and  albedo  were  separated  by  cutting 
with  a scalpel.  The  disks  were  treated  with  the  appropriate  solutions 
and  placed  three  apiece  in  10  ml  vials.  The  vials  were  sealed  with 
silicone  septa  and  aluminum  caps  and  covered  with  aluminum  foil  to  main- 
tain darkness.  Gas  samples  were  collected  at  designated  intervals,  and 
the  vials  were  flushed  with  air  after  each  sampling.  Vials  were  incu- 
bated at  room  temperature  unless  otherwise  specified. 

The  concentration  of  ethylene  in  the  gas  samples  was  measured  with 
a Perkin-Elmer  990  Gas  Chromotograph  equipped  with  a glass  column  con- 
taining Poropak  T.  Results  were  recorded  on  a Hewlett-Packard  Integrator, 
model  3380A,  using  an  external  standard.  Calculations  were  made  to 
report  the  results  of  ethylene  production  in  units  of  pl/hr /sample. 

Experiments  with  Mite  Damaged  Fruit 
Field  tests  using  Pik-Off 

Selected  fruit  in  a commercial  grove  were  tagged  and  dipped  in  water 
or  150  ppm  Pik-Off.  Each  fruit  was  given  a numerical  designation  and 
rated  visually  for  degree  of  mite  damage,  taking  into  account  the  density 
of  damage  and  the  proportion  of  the  fruit  surface  affected.  After  1,  2, 

3,  and  6 days,  internal  ethylene  samples  were  taken;  each  fruit  was 
sampled  only  once  to  avoid  ethylene  production  stimulated  by  puncture. 

On  the  sixth  day,  the  degree  of  loosening  was  determined  for  each  fruit 
using  an  Amatek  pull  force  meter.  The  experiment  was  performed  twice 
during  May,  1978. 
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Uptake  of  Pik-Off 

Fruit  to  be  used  for  Pik-Off  uptake  experiments  were  harvested, 
washed,  and  held  overnight  at  room  temperature.  An  area  near  the  equa- 
torial center  of  each  fruit  was  chosen  for  uniform  degree  of  mite  damage. 
These  selected  areas  were  used  to  measure  the  degree  of  mite  damage  and 
for  treatment  with  radiolabeled  Pik-Off.  The  browning  and  loss  of  pig- 
ment in  the  mite  damaged  area  of  the  fruit  results  in  an  alteration  of 
the  reflectance  characteristics  of  the  peel;  these  can  be  used  to  grade 
the  peel  on  degree  of  mite  damage  (75).  It  was  this  characteristic 
that  was  used  to  establish  the  degree  of  mite  damage  on  the  preselected 
areas.  The  reflectance  of  580  nm  of  the  selected  area  of  the  fruit  was 
measured  with  a Ratiospect  (Agricultural  Specialty  Co.).  The  area  was 
than  marked  with  a 1 x 3 cm  rectangular  stamp.  Typical  Ratiospect 
values  were  0.29  for  undamaged  fruit,  0.33  for  light  damage,  0.35  for 
medium  damage,  and  0.38  and  up  for  heavy  damage. 

The  fruit  stems  were  recut  and  placed  in  water-filled  Aquaplks ® 
(Syndicate  Sales,  Inc.)  to  prevent  excessive  water  loss  during  the  six 
day  Incubation  period.  ^^C-Pik-Off  was  applied  to  the  fruit  within  the 
stamped  area  at  a rate  of  25  pi  of  solution  containing  about  22,000  dpm. 
Non-radioactive  Pik-Off  was  added  to  the  solution  to  make  the  concen- 
tration 150  ppm.  The  fruit  were  incubated  in  growth  chambers  at  50% 
humidity,  with  a day  temperature  of  27°C  and  a night  temperature  of  16°C. 

Fruit  were  removed  at  intervals  and  the  treated  area  was  washed 
first  with  a water-soaked  cotton  swab,  then  with  a swab  soaked  in  acetone. 
Using  chloroform,  a better  solvent  for  citrus  wax,  for  the  second  wash 
had  no  effect  on  the  radioactivity  removed  by  the  swab.  The  treated 
area  was  cut  from  the  peel  and  frozen. 
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The  cotton  swab  and  peel  samples  were  oxidized  in  a Packard  Sample 
Oxidizer,  model  306,  the  ^^C02  collected  in  Carbosorb  ^ (Packard),  and 
the  radioactivity  determined  in  a Packard  Liquid  Scintillation  Counter, 
model  3320. 

The  uptake  experiment  was  repeated  'in  toto  three  times  during  May, 
1978,  with  approximately  120  fruit  used  for  each  experiment. 

Chemicals 

Radioactive  Pik-Off  ® (^^-ethanedialdioxime)  was  generously  supplied 
by  D.  Ryskiewich  of  Ciba  Giegy.  The  methoxy  analog  of  rhizobltoxine  (L- 
2-amino-4-methoxy-trans-3-butenoic  acid)  was  a gift  from  A.  Stempel  of 
Hoffman  LaRoche.  Cordycepin  (3'-deoxyadenosine)  was  obtained  from  Cal- 
biochem.  Commerical  formulations  were  used  of  Release  (5-chloro-3- 
methyl-4-nitro-l-H-pyrazole)  from  Abbott  Laboratories,  Pik-Off®  from 
Ciba  Geigy,  and  Acti-Aid  (cycloheximide)  from  Upjohn  Co. 

Statistics 

In  the  experiments  measuring  ethylene  production,  where  significance 
is  indicated  in  the  text  or  figure  legends,  the  data  were  tested  for 
significant  differences  using  the  analysis  of  variance.  In  the  Pik-Off 
uptake  experiments,  the  data  were  analyzed  by  computer.  The  data  curves 
shown  represent  linear  or  quadratic  equations  generated  in  the  regression 
analysis. 


RESULTS 


Ethylene  Production  by  Detached,  Whole  Fruit 
Whole,  detached  ’Hamlin'  fruit  enclosed  in  3.8  liter  glass  containers 
produced  barely  measurable  quantities  of  ethylene  (Figs.  1,  3).  Treat- 
ment with  Release  resulted  in  evolution  of  considerable  quantities  of 
ethylene  over  a 3 to  4 day  period,  with  increasing  concentrations  of 
Release  resulting  in  increased  rates  of  ethylene  production  (Figs.  1,  2, 
3).  In  'Hamlin'  fruit,  the  degree  of  stimulation  of  ethylene  production 
by  300  ppm  Release  was  about  the  same  in  immature  (harvested  in  August) 
and  mature  (harvested  in  November)  fruit,  but  the  response  of  immature 
fruit  to  1000  ppm  Release  was  about  twice  that  of  mature  fruit. 

Acti-Aid,  applied  at  a rate  of  25  ppm,  was  also  effective  in  stimu- 
lating considerable  production  of  ethylene  by  'Valencia'  fruit  (Fig.  3). 
Acti-Aid  concentrations  used  approximated  those  applied  in  the  field 
on  'Valencia'  trees  for  reduction  in  bonding  force  of  the  fruit  (65). 

The  Release  concentrations  used  are  higher  than  necessary  to  produce 
fruit  loosening  in  the  field.  Effective  concentrations  of  Release  for 
field  applications  range  from  150-250  ppm  for  'Hamlin'  fruit  and  250- 
500  ppm  for  'Valencia'  fruit  (65). 

Figure  4 compares  ethylene  production  by  Release-treated  'Valencia' 
fruit  measured  as  evolution  from  enclosed  fruit  and  as  internal  ethylene. 
The  pattern  of  ethylene  production  is  similar,  but  when  ethylene  is 
measured  externally  there  is  a delay  before  peak  ethylene  production  is 
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Figure  1.  Ethylene  production  by  enclosed,  immature  'Hamlin'  oranges 
dipped  in  water  or  one  of  three  concentrations  of  Release. 


Figure  2.  Ethylene  production  by  enclosed,  mature  Hamlin'  oranges 
dipped  in  water  or  Release. 
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Figure  3.  The  effects  of  25  ppm  Acti-Aid  and  1000  ppm  Release  on  ethyl- 
ene production  by  enclosed  'Valencia'  fruit  which  have  achieved  an  orange 
color  but  are  internally  immature. 


A.  Internal  and  external  ethylene  production  by  'Valencia' 
oranges  treated  with  1000  ppm  Release. 
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detected.  This  is  consistent  with  data  showing  that  the  flavedo  does 
present  a barrier  to  diffusion  of  ethylene  (18).  The  delay  in  this  par- 
ticular experiment  is  longer  than  in  some  others  (see  Figs.  1,  2,  3). 

Ethylene  Production  by  Peel  Disks 

Explants  of  orange  peel  provided  a versatile  system  for  the  study 
of  ethylene  production  by  citrus  tissue.  Untreated  peel  tissue  from 
'Hamlin'  or  'Valenica'  fruit  produced  considerable  quantities  of  ethyl- 
ene, much  of  it  probably  due  to  damage  received  when  the  tissue  was  cut 
(Figs.  5,6).  The  disks  produced  the  same  amount  of  ethylene  whether  or 
not  they  were  moistened  with  a few  drops  of  water,  so  it  is  unlikely  that 
extracellular  ethylene  production  was  occurring. 

Peel  disks  were  cut  between  the  pigmented  outer  layer  (flavedo)  and 
the  white,  spongy  inner  layer  (albedo)  to  determine  the  rates  of  ethyl- 
ene production  of  these  tissues  separately.  In  mature  'Hamlin'  peel, 
the  flavedo,  albedo,  and  whole  tissue  showed  similar  rates  of  ethylene 
evolution  for  the  first  48  hrs  (Fig.  5).  The  whole  disks  of  mature 
'Valencia'  peel  produced  the  greatest  quantity  of  ethylene,  followed 
closely  by  the  albedo  (Fig.  6).  The  flavedo  produced  considerably  less 
ethylene  than  either  the  albedo  or  the  whole  disks.  In  neither  the 
'Hamlin'  nor  the  'Valencia'  peel  does  the  combined  ethylene  production 
of  the  flavedo  and  the  albedo  equal  that  of  the  whole  disks;  additional 
wounding  of  tissue  when  the  flavedo  and  albedo  are  cut  apart  complicates 
ethylene  production  rates. 

Effect  of  Release 

Release  was  applied  to  the  peel  disks  as  a 15  pi  drop  of  the  appro- 
priate concentration  on  the  flavedo  side.  Release  applied  to  the  albedo 
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Figure  5.  Ethylene  production  by  untreated,  whole  peel  disks,  flavedo 
and  albedo  tissue  from  'Hamlin’  oranges. 
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Figure  6.  Ethylene  production  by 
and  albedo  tissue  from  ’Valencia' 


untreated  whole  peel  disks, 
oranges. 


f lavedo. 
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side  gives  significantly  higher  ethylene  production,  probably  due  to 
greater  and  more  rapid  tissue  penetration.  Release  at  300  ppm  (4.5  pg/ 
disk)  increased  ethylene  production  in  'Hamlin'  peel  explants  three-  to 
fourfold  (Fig.  7).  The  highest  rate  of  ethylene  production  occurred  on 
the  second  day  after  treatment.  Release-treated  peel  disks  from  fruit 
which  were  still  green,  but  beginning  to  turn  yellow,  produced  signifi- 
cantly less  ethylene  than  disks  from  mature,  orange  colored  fruit  be- 
tween 24  and  42  hrs  of  Incubation  (Fig.  7).  Disks  from  untreated  mature 
fruit  also  produced  slightly  more  ethylene  than  those  from  immature  fruit. 
Since  the  fruit  labeled  "green"  were  harvested  in  early  November,  and 
"orange"  fruit  were  harvested  in  late  November,  there  is  probably  no 
radical  difference  between  the  two  in  internal  fruit  maturity.  The 
observed  differences  are  mainly  due  to  the  physiological  state  of  the 
peel,  possibly  to  the  hormone  balance  associated  with  the  presence  of 
photosynthetic  units. 

'Valencia'  peel  disks  harvested  in  October,  when  the  fruit  is  com- 
pletely green,  and  March,  when  the  fruit  is  orange,  responded  to  Release 
with  a three-  to  fourfold  increase  in  ethylene  production  (Fig.  8).  The 
differences  between  similarly  treated  disks  are  not  significant.  Why 
'Valencias'  do  not  become  increasingly  sensitive  to  Release  during 
maturation  is  unclear. 

The  response  to  Release  in  citrus  peel  is  localized  in  the  flavedo. 
Isolated  flavedo  disks  respond  to  Release  with  a 5-fold  increase  in 
ethylene  production,  while  albedo  disks  show  no  significant  increase 
in  ethylene  production  in  response  to  Release  (Fig.  9). 
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Figure  7.  The  effect  of  300  ppm  Release  on  ethylene  production  by 
peel  disks  from  green  and  orange  colored  'Hamlin  fruit. 
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Hours  of  Incubation 

Figure  8.  The  effect  of  1000  ppm  Release  on  ethylene  production  by 
peel  disks  from  green  colored  (harvested  in  October)  and  orange  colored 
(harvested  in  March)  'Valencia'  fruit. 
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Figure  9.  The  effect  of  1000  ppm  Release  on  ethylene  production  by 
flavedo  and  albedo  tissue  from  'Valencia'  oranges.  The  differences 
in  ethylene  production  in  control  and  Release-treated  albedo  disks 
are  not  significant. 
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Regulation  of  Ethylene  Production  in  Peel  Disks 

Temperature  has  a considerable  effect  on  ethylene  production  by  un- 
treated and  Release-treated  'Valencia'  peel  disks  (Fig.  10).  Maximum 
ethylene  production  was  achieved  at  25 °C  in  both  cases.  Very  low  amounts 
of  ethylene  were  evolved  at  10®C  and  15 °C  (Table  1).  The  response  to 
Release  was  strongly  affected  by  temperature;  above  and  below  the  maxi- 
mum temperature  of  25 °C,  ethylene  production  by  Release-treated  disks 
approximated  control  rates.  This  may  be  due  in  part  to  reduced  uptake 
of  Release  at  lower  temperatures  (122). 

It  has  been  established  that  citrus  fruit  do  not  possess  the  capacity 
for  autocatalytic  ethylene  production  (14,  67),  but  no  evidence  has  been 
presented  to  show  whether  ethylene  has  an  Inhibitory  effect  on  its  own 
synthesis  in  citrus.  Since  the  monovalent  silver  ion,  in  the  form  of 
AgNO^,  has  been  reported  to  inhibit  ethylene  action  in  a variety  of 
plant  tissues  (24),  silver  nitrate  was  applied  to  peel  disks  to  ascer- 
tain the  effects  on  ethylene  production.  As  shown  in  Figure  11,  AgNO^ 
alone  or  in  combination  with  Release  increases  the  rate  of  ethylene 
production;  the  combination  apparently  induces  a synergistic  response. 
Although  mature  fruit  are  more  sensitive  to  Release,  they  are  slightly 
less  sensitive  to  silver  than  the  Immature  fruit. 

Increasing  the  concentration  of  silver  nitrate  results  in  a large 
increase  in  ethylene  production  (Fig.  12).  Increasing  the  concentration 
of  Release  to  1000  ppm  produced  little  change  in  the  rate  of  ethylene 
production,  but  the  increased  rate  combined  with  50  ppm  AgNO^  caused 
release  of  very  large  quantities  of  ethylene.  The  combination  of  1000 
ppm  Release  and  100  ppm  AgNO^  gave  lower  rates  of  ethylene  production 
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Figure  10.  The  effect  of  temperature  on  ethylene  production  by  untreated 
and  Release  (1000  ppm)  treated  'Valencia'  peel  disks. 
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Figure  11.  The  effects  of  Release  and  AgN03  on  ethylene  production  by 
disks  from  immature  and  mature  'Hamlin'  oranges. 


34 


Figure  12.  The  effects  of  1000  ppm  Release  combined  with  two  concen- 
trations of  AgNO^  on  disks  of  immature  'Hamlin*  fruit,  and  combined 
with  one  concentration  of  AgNO^  on  disks  of  immature  'Valencia'  fruit. 
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than  the  1000  ppm  Release  + 50  ppm  AgN03  combination,  perhaps  due  to 
excessive  tissue  damage. 

'Valencia'  peel  disks  respond  similarly  to  silver  and  Release 
(Fig.  12). 

Propylene  is  an  ethylene  analog  which  is  about  100  times  less  ef- 
fective than  ethylene  (36).  Propylene  was  added  to  jars  containing 
whole  fruit  and  to  vials  containing  peel  disks,  and  the  effects  on  ethyl- 
ene production  were  observed.  Propylene  had  no  significant  effect  on 
ethylene  production  by  whole  fruit  or  disks  (Figs.  13,  14).  This  was 
true  regardless  of  the  maturity  of  the  fruit.  The  data  on  propylene 
effects  indicate  that  ethylene  has  neither  an  autocatalytic  nor  an  auto- 
inhibitory  effect  on  its  own  synthesis  in  citrus.  The  silver  effect  is 
probably  a toxicity  effect;  heaA^  metals  are  known  to  cause  stress  which 
results  in  ethylene  production  (1,  59). 

The  methoxy  analog  of  rhizobitoxine  was  added  to  peel  disks  to 
determine  whether  methionine  is  the  precursor  of  ethylene  in  citrus  peel. 
Rhizobitoxine  at  10  ^g/disk  nearly  blocked  ethylene  production  altogether 
(Fig.  15)  in  both  untreated  and  Release-treated  peel  disks.  Rhizobi- 
toxine also  blocked  ethylene  production  in  flavedo  and  albedo  tissue 
(data  not  shown) . This  indicates  that  methionine  is  probably  the  pre- 
cursor of  ethylene  in  these  tissues. 

In  some  cases,  it  has  been  shown  that  addition  of  methionine  to  an 
ethylene-production  system  will  accelerate  ethylene  production  (108) . 
Efforts  to  stimulate  ethylene  production  in  citrus  tissue  with  methionine 
were  inconclusive.  Methionine  at  10“^  M had  no  effect  on  ethylene  pro- 
duction by  whole  disks,  flavedo,  or  albedo  tissues.  When  10”^  M methio- 
nine was  added  to  the  peel  disks,  ethylene  production  was  increased 


36 


Figure  13.  Ethylene  production  by  whole  enclosed  'Valencia'  fruit 
treated  with  Release  and  incubated  with  or  without  250  ppm  propylene. 
The  fruit  were  harvested  in  late  January. 


Hours  of  Incubation 


Figure  14.  The  effects  of  150  ppm  propylene  on  ethylene  production 
by  untreated  and  Release  (1000  ppm)  treated  'Valencia'  peel  disks. 
The  differences  between  air  and  propylene  treatments  were  not  sig- 
nificant. 
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Figure  15.  The  effect  of  rhizobitoxlne  (10  jog/dlsk)  on  ethylene 
production  by  untreated  and  Release  (1000  ppm)  treated  'Valencia' 
peel  disks. 
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significantly  between  24  and  36  hrs  of  incubation  (Fig.  16).  However, 
ethylene  production  from  flavedo  and  albedo  tissues  was  actually  reduced. 

Hyodo  (90)  was  able  to  demonstrate  conversion  of  labeled  methionine 
to  labeled  ethylene  is  aged,  but  not  fresh,  albedo  tissue.  The  conver- 
sion was  demonstrated  during  the  period  when  the  tissue  produced  the 
maximum  quantity  of  ethylene.  Since  maximum  ethylene  production  occurred 
between  24  and  48  hrs  in  our  system,  peel  disks  were  aged  18  hrs,  then 
treated  with  water  or  10  ^ M methionine.  The  addition  of  methionine 
increased  ethylene  production  significantly  during  the  first  four  hours 
after  treatment,  but  produced  erratic  results  thereafter  (Fig.  17).  It 
is  possible  that  the  methionine  pool  in  the  tissue  is  small  and  rapidly 
turned  over;  in  this  case,  additional  methionine  would  have  only  a 
limited  effect. 

One  of  the  lines  of  evidence  supporting  the  hypothesis  that  a 
metal  cofactor  is  required  for  ethylene  synthesis  from  methionine  is 
the  inhibiting  effect  of  metal  chelators  such  as  EDTA  (108,  147).  Di- 
sodium EDTA  applied  to  the  albedo  side  of  the  citrus  peel  disks  strongly 
inhibited  ethylene  production  (Fig.  18) . Inhibition  increased  as  the 
concentration  of  EDTA  was  increased. 

Dinitrophenol  (DNP),  an  uncoupler  of  oxidative  phosphorylation, 
at  concentrations  which  reduced  respiration  and  ethylene  production  in 
apple  tissue,  also  reduced  ethylene  production  in  citrus  peel  disks 
(Fig.  19).  The  differences  among  the  concentrations  used  were  not 
significant,  with  the  exception  of  the  sharp  rise  at  72  hrs  for  10  ^ M 
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Figure  17.  The  effect  of  10  ^ M methionine  on  ethylene  production  from 
'Valencia'  peel  disks  which  were  aged  for  18  hrs  before  treatment. 
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Figure  18.  The  effects  of  three  concentrations  of  EDTA  on  ethylene 
production  by  'Valencia'  disks. 
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Figure  19.  The  effects  of  three  concentrations  of  dinitrophenpl  (DNP) 
on  ethylene  production  by  'Valencia'  peel  disks. 
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DNP.  This  rise  could  signal  a recovery  from  the  DNP  effects  with  an 
"overshoot"  in  ethylene  production  like  that  observed  when  tissues  are 
removed  from  anaerobic  to  aerobic  atmospheres  (39) . 

It  is  known  that  protein  synthesis  is  required  for  ethylene  produc- 
tion (1,  107).  Cordycepin,  an  inhibitor  of  post-transcriptional  RNA 
processing,  had  an  inhibitory  effect  on  ethylene  production  by  Release- 
treated  peel  disks,  but  had  no  significant  effect  on  ethylene  production 
by  untreated  tissue  (Fig.  20).  It  seems  that  the  higher  rates  of  ethyl- 
ene production  elicited  by  Release  require  synthesis  and  processing  of 
RNAs  which  are  not  required  for  the  lower  rate  of  ethylene  synthesis. 

The  protein  synthesis  inhibitor  cycloheximide,  in  the  form  of  25  ppm 
Acti-Aid,  blocked  ethylene  synthesis  almost  completely  in  untreated  and 
Release-treated  citrus  peel  disks  (data  not  shown) . An  ethylene  pro- 
ducing system  in  apple  reacted  similarly  to  cycloheximide  (107). 

Effects  of  Regreening 

'Valencia'  fruit  which  have  achieved  a good  orange  color  during  the 
early  spring  may  undergo  regreening  during  May  or  June.  The  extent  and 
time  of  regreening  varies  from  grove  to  grove  and  from  season  to  season. 
Treatments  with  abscission  accelerating  chemicals  on  regreened  fruit 
generally  fail  to  produce  adequate  fruit  loosening  (46,  53,  87).  Holm 
and  Wilson  (87)  found  that  fruit  were  relatively  unresponsive  to  abscis- 
sion compounds  early  in  the  regreening  period,  but  that  responsiveness 
increased  later,  even  though  the  fruit  continued  to  regreen. 

The  effects  on  ethylene  production  of  various  concentrations  of 
Release  and  Pik-Off  are  shown  in  Figure  21.  Fruit  at  a commercial  grove 
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Figure  20.  The  effects  of  10  jUg/disk  cordycepin  on  ethylene  production 
by  control  and  Release  (1000  ppm)  treated  'Valencia’  disks. 
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Regreening  Pik-Otl 


Figure  21.  The  effects  of  several  concentrations  of  Release  and 
Pik-Off  on  ethylene  production  by  peel  disks  from  regreening  and 
non-regreening  'Valencia'  fruit. 
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were  observed  to  be  regreening  in  early  June;  disks  from  these  fruit 
and  from  non-regreening  fruit  from  another  location  collected  on  the 
same  dates  were  used  in  the  experiment.  Disks  from  fruit  which  were 
not  regreening  showed  increasing  ethylene  response  to  increasing  con- 
centrations of  Release  and  Pik-Off.  The  highest  concentration  (2000 
ppm)  of  Release  and  Pik-Off  reduced  ethylene  production  compared  with 
1000  ppm;  this  may  be  due  to  excessive  tissue  damage  and  cell  death  at 
the  highest  concentration.  Regreening  peel  disks  showed  about  the  same 
response  to  all  concentrations  of  Release  used;  this  response  was  gen- 
erally lower  than  that  in  non-regreening  fruit  (Fig.  22).  The  reduced 
response  to  Pik-Off  in  regreening  fruit  was  even  more  dramatic,  espe- 
cially at  the  lower  concentrations  (Fig.  21,  23).  The  fact  that  re- 
greened fruit  treated  with  abscission  compounds  produce  less  ethylene 
than  non-regreened  fruit  may  be  partially  responsible  for  the  reduced 
loosening.  However,  those  hormonal  changes  associated  with  the  onset 
of  regreening  may  also  alter  the  sensitivity  of  the  abscission  zone  to 
ethylene. 


The  Effects  of  Mite  Damage  on  Ethylene  Production 
and  Uptake  of  Pik-Off  by  'Valencia ' Fruit 

Heavy  feeding  on  citrus  fruit  by  rust  mites  is  associated  with 
morphological  changes  in  the  peel.  Including  lignif ication  and  death 
of  the  most  heavily  affected  areas  (112).  The  presence  of  damaged 
tissue  could  affect  the  uptake  and  effectiveness  of  abscission  chemi- 
cals applied  to  the  peel  surface.  The  effect  of  mite  damage  on  ethylene 
production  by  peel  disks  is  shown  in  Figure  24.  These  data  were  rather 
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Figure  22.  Differences  in  ethylene  production  by  peel  disks  from 
regreening  and  non-regreening  'Valencia'  fruit  treated  with  several 
concentrations  of  Release. 
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Hours  of  Incubation 


Figure  23.  Ethylene  production  by  peel  disks  from  regreening  and 
non-regreening  'Valencia ' fruit  treated  with  several  concentrations 
of  Pik-Off. 


49 


0 

O- 

P- 


CN 


0) 

CO 

CO 

Q) 

iH 

<D 

•T3 

0) 

4J 

CTJ 

0) 

U 

4J 

c 

rCl 

C 

CO 

o 

M 

CO 

4J 

•H 

a 

M3 

3 

XI 

r-H 

o 

Q) 

Q) 

cx 

a 

0) 

► 

c 

cd 

0) 

•H 

fH 

O 

12 

0) 

4J 

tH 

OJ 

cd 

> 

(2 

— 

O 

M3 

o; 

0) 

to 

4J 

d 

Cd 

e 

(U 

cd 

X 

u 

OJ 

4J 

e 

•H 

p- 

e 

p- 

M-i 

o 

o 

m 

1— 1 

4J 

O 

<D 

4-1 

M-( 

4-j 

M-l 

o 

<l) 

cu 

•H 

P-. 

M3 

P 

• 

cd 

<r 

CM 

r< 

M3 

0) 

OJ 

Vj 

4J 

2J 

Cd 

W) 

(U 

•H 

Vj 

4J 

50 


variable  and  consequently  there  was  no  significant  difference  in  ethyl- 
ene production  due  to  mite  damage. 

The  response  of  whole  fruit  to  Pik-Off  is  affected  by  mite  damage. 
When  internal  ethylene  was  measured  from  Pik-Off  treated  fruit  in  a 
commercial  grove,  fruit  with  medium  and  heavy  mite  damage  showed  more 
than  double  the  rate  of  ethylene  production  on  the  first  day  after  treat- 
ment (Fig.  25),  The  degree  of  fruit  loosening,  measured  as  the  force 
required  to  detach  the  fruit  from  the  stem,  was  also  determined  for  the 
mite  damaged  fruit.  Mite  damage  did  not  affect  the  bonding  force  of 
untreated  fruit,  but  the  attachment  force  in  fruit  treated  with  150  ppm 
Pik-Off  was  considerably  less  in  mite  damaged  fruit  (Table  2). 

Fruit  were  brought  into  the  laboratory  to  determine  whether  mite 
damage  had  any  effect  on  uptake  of  Pik-Off.  When  ^^C-Pik-Off  was 
applied  to  the  peel,  much  of  the  radioactivity  was  taken  into  the  peel 
tissue  during  the  first  day  after  application  (Fig.  26).  The  degree 
of  mite  damage,  as  measured  by  the  Ratiospect  reading,  did  have  a sig- 
nificant effect  on  the  proportion  of  ^^C-labeled  material  isolated  from 
the  tissue.  The  differences  were  very  small  on  days  2,  3,  and  6;  only 
on  the  first  day  was  the  effect  large  enough  to  be  Important  (Fig.  27). 
The  data  indicate  that  mite  damaged  fruit  take  up  Pik-Off  more  quickly 
than  undamaged  fruit. 

The  total  amount  of  radioactivity  recovered,  i.e.  tissue  cpm  + 
surface  washes  cpm,  was  greater  in  mite  damaged  fruit  than  in  undamaged 
fruit  (Fig.  28).  This  is  probably  because  the  loss  in  total  counts  as 
the  incubation  period  progressed  was  largely  due  to  the  Pik-Off  rubbing 
off  the  surface  onto  other  fruit  or  the  holding  trays. 
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Days  from  Treatment 


Figure  25.  The  effect  of  various  degrees  of  mite  damage  on  internal 
ethylene  in  Pik-Off  (150  ppm)  treated  'Valencia’  oranges  in  the  field. 
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Table  2.  Pull  force  (in  kg)  of  untreated  and  Pik-Off  treated 

'Valencia'  oranges  exhibiting  various  degrees  of  mite 
damage. 


Treatment 


Mite  Damage 


Untreated 


150  ppm  Pik-Off 


None 

2.7 

a* 

2.1 

a 

Light 

3.4 

a 

1.4 

ab 

Medium 

3.5 

a 

0.7 

b 

Heavy 

3.1 

a 

1.3 

b 

*Numbers  within  columns  followed  by  the  same  letter  are  not  significantly 
different  at  the  5%  level  according  to  Duncan's  New  Multiple  Range  Test. 
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Days  of  Incubation 


Figure  26.  Uptake  of  ^^C-Pik-Off  by  ’Valencia*  peel  tissue  over  a six 
day  period.  The  percent  counts  in  the  tissue  was  calculated  by  dividing 
the  cpm  found  in  the  washed  tissue  by  the  total  counts  recovered  (tissue 
cpm  + two  washes  with  cotton  swabs). 
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Figure  27.  Dependence  of  ^^C-Pik-Off  uptake  on  degree  of  mite  damage 
during  a six  day  incubation  period.  Higher  Ratiospect  Readings 
indicate  a greater  degree  of  mite  damage. 


Ratiospect  Reading 


Figure  28.  The  effect  of  mite  damage,  measured  by  Ratiospect  readings, 
on  total  radioactivity  recovered  in  the  first  and  sixth  day  after 
treatment  of  'Valencia'  fruit  with  ^^C-Pik-Off.  Total  radioactivity 
recovered  (cpm)  is  the  sum  of  the  cpm  found  in  washed  peel  tissue  and 
cpm  found  on  the  cotton  swabs  used  to  wash  the  tissue. 


DISCUSSION 


The  physiology  of  ethylene  production  by  citrus  peel  disks  in  many 
respects  resembles  that  of  other  systems  which  have  been  investigated. 

Cut  peel  tissue  produced  easily  measurable  quantities  of  ethylene,  most 
of  which  was  probably  due  to  wounding.  Intact,  undamaged  oranges  pro- 
duced very  little  ethylene.  Hyodo  (89,  90)  obtained  a similar  response 
from  whole  Satsuma  mandarin  {Citrus  unshiu  Marc,)  fruit  and  from  excised 
flavedo  and  albedo  tissues. 

Treatment  of  whole  fruit  and  peel  disks  with  Release  caused  evolu- 
tion of  greater  quantities  of  ethylene.  The  response  to  Release  was 
localized  primarily  in  the  flavedo  tissue.  'Hamlin'  peel  disks  were 
slightly  more  sensitive  to  Release  after  achieving  an  orange  color, 
while  'Valencia*  disks  were  not. 

Protein  synthesis  was  required  for  ethylene  production  by  citrus 
peel;  this  was  also  true  of  etiolated  pea  seedlings  (73),  albedo  tissue 
from  Satsuma  mandarin  (90),  apple  tissue  slices  (107)  and  mung  bean  hypo- 
cotyl  segments  (139).  The  role  of  RNA  in  ethylene  synthesis  is  less 
clear.  Lieberman  and  Kunishl  (107)  found  that  ethylene  production  by 
apple  slices  and  pea  subhook  segments  was  inhibited  by  actinomycin  D, 
which  inhibits  DNA-directed  RNA  synthesis,  c^-amanitin,  which  inhibits 
nuclear  RNA  polymerase  II,  and  cordycepin,  which  inhibits  post-trans- 
criptional  processing  of  RNA.  Our  data  demonstrated  that  cordycepin 
had  an  inhibitory  effect  on  ethylene  production  by  Release-treated,  but 
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not  untreated  'Valencia'  peel  disks.  Hyodo  (90)  found  that  actinomycin 
D had  no  effect  on  ethylene  production  in  aged  albedo  disks  of  Satsuma 
mandarin.  Hyodo  measured  the  rate  of  ethylene  production  due  only  to 
wounding.  The  pea  and  apple  tissues  Lieberman  used  were  producing  high 
quantities  of  ethylene,  the  pea  tissue  because  it  was  auxin-treated,  the 
apple  tissue  because  it  was  post-climacteric.  In  the  present  study, 
cordycepin  did  not  inhibit  ethylene  production  stimulated  by  cutting 
the  tissue,  but  did  inhibit  ethylene  production  stimulated  by  Release. 
RNA  synthesis  is  probably  required  for  the  higher  levels  of  ethylene 
synthesis  induced  by  treatment  with  Release.  The  tissue  probably  con- 
tains a stored  system  which  is  capable  of  directing  synthesis  of  the 
lesser  quantities  of  ethylene  produced  as  a result  of  wounding. 

Our  results  with  rhizobitoxine,  and  Hyodo' s (90)  results  demon- 
strating conversion  of  labeled  methionine  to  ethylene  in  Satsuma  man- 
darin albedo  tissue,  indicate  that  methionine  is  the  precursor  of  ethyl- 
ene in  citrus  tissue.  The  fact  that  exogenous  methionine  caused  very 
little  increase  in  ethylene  production  in  our  system  is  not  surprising. 
Baur  et  al  (22)  found  that  the  size  of  the  methionine  pool  was  not  a 
controlling  factor  in  ethylene  production  by  avocado  tissue.  The  small 
pool  of  methionine  had  to  be  actively  synthesized  and  utilized  during 
periods  of  rapid  ethylene  synthesis.  Sakai  and  Imaseki  (140)  were  able 
to  demonstrate  efficient  conversion  of  ^'^C-methionine  to  ^^C-ethylene 
in  auxin-treated  mung  bean  hypocotyl  segments,  even  though  the  addition 
of  cold  methionine  did  not  enhance  ethylene  production. 

The  inhibition  of  ethylene  production  in  citrus  peel  by  DNP,  an 
uncoupler  of  oxidative  phosphorylation,  indicates  an  ATP  requirement 
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for  ethylene  production.  DNP  also  inhibited  ethylene  production  in 
apple  fruit  tissue  and  mung  bean  hypocotyl  sections  (40,  123,  147). 

Burg  and  Thimann  (40),  but  not  Murr  and  Yang  (123),  were  able  to  reverse 
the  DNP  inhibition  by  adding  ATP  to  the  tissue.  These  results  have  been 
questioned  on  the  charge  that  DNP  contains  an  Impurity  which  may  inter- 
fere with  ethylene  synthesis  in  an  unknown  manner. 

Ethylene  synthesis  from  methionine  is  thought  to  Involve  a metal 
cofactor.  Most  model  systems  for  ethylene  production  utilize  a heavy 
metal  in  the  reaction  mixture  (20,  109,  148,  161).  EDTA,  a strong 
metal  chelator,  inhibited  ethylene  synthesis  in  the  citrus  peel  system 
and  in  apple  tissue  slices  (108,  147).  Since  compounds  which  specifi- 
cally chelate  copper  also  inhibited  ethylene  production  in  apple  tissue, 
it  was  suggested  that  the  metal  involved  was  copper  (108).  Additional 
work  is  needed  to  establish  the  involvement  of  a metal  cofactor,  since 
EDTA  would  be  expected  to  inhibit  all  metal-requiring  enzymes,  including 
many  not  directly  involved  with  ethylene  production. 

The  effects  of  temperature  on  ethylene  production  by  peel  disks 
were  consistent  with  other  systems  studied.  The  temperature  optimum 
for  ethylene  production  in  the  citrus  peel  explants  was  between  20°C 
and  30®C;  the  optimum  was  30°C  for  apples  (39),  and  20°C  for  pears  (83) 
and  tomatoes  (117).  Ethylene  evolution  by  Release-treated  disks  was 
more  strongly  dependent  on  temperature  than  untreated  disks.  Release- 
treated  disks  did  not  produce  greater  quantities  of  ethylene  than 
controls  except  at  25 °C,  when  ethylene  production  by  Release— treated 
disks  was  considerably  higher  than  at  the  other  temperatures.  The 
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strong  temperature  dependence  may  be  due  to  changes  in  uptake  of  Release 
at  higher  temperatures  (122) . Other  metabolic  events  involved  in  Re- 
lease-induced  ethylene  production  may  be  especially  temperature  depen- 
dent, such  as  Release  breakdown  in  the  tissue,  or  metabolism  of  RNAs  for 
the  increased  ethylene  synthesis. 

Citrus  fruit  differ  from  many  other  fleshy  fruits  in  that  they  do 
not  exhibit  a respiratory  climacteric.  The  fruit  ripen  over  a period 
of  several  months;  internal  events  associated  with  ripening  are  unaccom- 
panied by  increased  respiration  or  ethylene  production.  Ethylene  pro- 
duces neither  an  autocatalytic  nor  an  autoinhibitory  response  in  citrus. 
Ethylene  has  no  known  effect  on  internal  quality  of  citrus  during 
ripening  (6,  125),  but  it  is  involved  in  peel  color  development  and 
abscission.  Ethylene  production  enhanced  by  chilling  (58)  may  be  re- 
sponsible for  degreening,  which  occurs  during  the  winter  in  mature  early 
varieties,  such  as  'Hamlin',  and  in  immature  late  varieties,  such  as 
'Valencia'  (70).  Early  varieties  may  also  abscise  during  the  winter, 
but  immature  'Valenica'  fruit  normally  do  not;  these  fruit  may  remain  on 
the  tree  until  the  following  winter.  Immature  'Hamlin'  fruit  from  a 
late  bloom  will  also  remain  on  the  tree,  indicating  that  fruit  maturity, 
rather  than  varietal  differences,  is  the  controlling  factor  in  natural 
abscission.  Fruit  of  any  age  can  be  induced  to  abscise  by  chemical 
treatment  or  stress. 

There  are  other  fruit  in  which  ethylene  regulates  abscission  but 
not  internal  ripening.  Grapes  are  non-climacteric  fruit  in  which  the 
onset  of  a series  of  ripening  changes  termed  "veraison"  is  controlled 
by  growth  regulators.  Ethylene  concentration  does  not  increase  during 
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veraison,  and  although  all  exogenous  hormone  treatments  resulted  in 
increased  ethylene  production,  some  hastened  and  some  delayed  veraison 
(49).  Ethylene  had  no  effect  on  ripening  in  olives,  but  it  did  increase 
the  rate  of  cholorophyll  destruction  (119).  Color  development  in  cran- 
berries was  controlled  by  ethylene  and  light,  but  ethylene  had  no  effect 
on  respiration  or  sugar  and  acid  content  (60,66). 

Regreened  fruit  had  reduced  sensitivity  to  abscission  chemicals, 
both  in  the  field  (87)  and  as  treated  peel  disks.  Factors  Involved  in 
onset  of  regreening  include  temperature  (41,  70),  nitrogen  nutrition 
(93),  and  an  increase  in  levels  of  gibberellic  acid  (130).  The  increase 
in  GA,  combined  with  events  of  the  regreening  process,  could  alter  the 
balance  of  other  hormones  as  well,  resulting  in  decreased  efficiency  of 
the  ethylene-producing  system  and  decreased  sensitivity  of  the  abscission 
zone  to  ethylene. 

Mite  damaged  fruit  produced  more  ethylene  and  had  reduced  bonding 
force  in  response  to  Pik-Off  when  compared  with  undamaged  fruit.  The 
difference  in  ethylene  production  was  greatest  on  the  first  day  after 
treatment;  this  was  also  the  time  when  differences  in  uptake  of  Pik-Off 
were  greatest  between  mite-damaged  and  undamaged  fruit.  It  is  possible 
that,  in  addition  to  allowing  greater  uptake  of  the  abscission  chemical, 
the  damaged  area  of  the  peel  also  responds  more  readily  to  Pik-Off  by 
producing  larger  quantities  of  ethylene. 

Response  of  fruit  in  the  field  to  Pik-Off  has  been  variable;  often 
Pik-Off  alone  will  not  produce  adequate  fruit  loosening  (65,  133).  In 
this  experiment,  adequate  fruit  loosening  was  obtained  with  both  mite 
damaged  and  undamaged  fruit.  Efficient  mechanical  harvesting  requires 
that  fruit  removal  force  be  5 lbs  (2.2  kg)  or  less  (133).  Since  this 
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is  not  always  the  case,  the  disproportionate  loosening  of  the  mite 
damaged  fruit  may  be  a factor  which  has  to  be  considered  when  using 
abscission  chemicals  in  a damaged  grove.  The  altered  morphology  and 
physiology  of  mite  damaged  fruit  may  also  cause  hypersensitive 
responses  to  other  chemical  treatments,  for  example,  fungicides  and 
insecticides . 


SUMMARY 


Peel  disks  from  citrus  fruit  produced  easily  measurable  quantities 
of  ethylene,  most  of  it  probably  due  to  wounding  of  the  tissue  when  the 
disks  were  cut.  The  rate  of  ethylene  production  could  be  increased  by 
treatment  with  abscission  accelerating  chemicals  such  as  Release  or  Pik- 
Off,  or  by  treatment  with  toxic  compounds  such  as  silver  nitrate. 

Ethylene  had  neither  an  autocatalytic  nor  an  autolnhibitory  response 
in  citrus  tissue.  Ethylene  evolution  by  citrus  tissue  was  temperature 
dependent;  the  temperature  optimum  for  ethylene  production  by  both  un- 
treated and  Release-treated  disks  was  about  25°C.  The  ethylene  pro- 
ducing system  in  Release-treated  disks  was  more  sensitive  to  temperature 
than  that  of  untreated  disks. 

Ethylene  evolution  was  almost  completely  blocked  in  the  peel  disks 
by  cycloheximide,  indicating  that  protein  synthesis  is  required  for 
ethylene  synthesis.  Our  results  with  cordycepin  indicate  that  RNA 
synthesis  is  required  for  the  higher  rates  of  ethylene  synthesis  re- 
sulting from  Release  treatment,  but  not  for  ethylene  production  due 
only  to  cutting  the  tissue. 

Ethylene  production  by  untreated  and  Release-treated  citrus  peel 
disks  was  blocked  by  rhizobitoxine,  indicating  that  methionine  is  the 
probable  precursor  to  ethylene  in  this  tissue.  Addition  of  exogenous 
methionine  to  the  tissue  produced  only  a small  increase  in  ethylene 
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production.  Methionine  is  probably  not  the  limiting  factor  in  ethyl- 
ene production. 

An  ATP  requirement  for  ethylene  synthesis  is  shovm  by  the  depres- 
sing effect  of  dinltrophenol  on  ethylene  production.  Ethylene  evolu- 
tion was  also  reduced  by  EDTA,  supporting  the  hypothesis  that  a metal 
cofactor  is  required  for  ethylene  synthesis. 

Citrus  peel  disks,  like  whole  fruit,  show  a reduced  response  to 
abscission  chemicals  during  the  regreening  period.  Several  concentra- 
tions of  Release  and  Pik-Off  were  applied  to  peel  disks  from  regreening 
and  non-regreening  fruit;  ethylene  production  by  disks  of  regreening 
fruit  was  consistently  lower.  It  is  suggested  that  the  hormonal  balance 
is  responsible  for  the  reduced  sensitivity  to  abscission  chemicals. 

Whole  citrus  fruit  which  show  visible  citrus  rust  mite  damage 
responded  to  Pik-Off  with  a greater  ethylene  production  and  fruit 
loosening  than  undamaged  fruit.  Uptake  of  l^C-Pik-Off  was  more  rapid 
in  mite  damaged  fruit  than  in  undamaged  fruit.  Uptake  of  Pik-Off  in 
both  undamaged  and  mite  damaged  fruit  was  very  rapid  furing  the  first 
24  hrs  after  treatment,  with  very  little  uptake  occurring  after  that 
time. 
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